Abstract -The stress/strain behavior of a bulk material is usually investigated in destructive uniaxial tension-compression and hardness tests. These methods yield results which differ from the real surface layer properties, but are used in many areas of tribology. An advanced opto-mechanical device for non-destructive testing of engineering materials was designed. The proposed technique is based on identation of the surface of the tested material with a transparent spherical lens. The parameters of the contact circle and interface rings are measured. Such an approach is used for study of the properties of the materials: adhesion and creep parameters, modulus of elasticity under compression, Brinell and Meyer hardness, average contact pressure and bearing capacity of the surface layer as functions of load, time and temperature.
Introduction
The problems of contact mechanics and creation of new engineering materials designed for the requirements of tribology and of parts operating under conditions of contact deformation, are of theoretical and practical interest. It is well known that the contact stresses in friction pairs depend largely on the surface layer properties of the used materials. It is also well known that the bulk properties obtained in destructive
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From Spherical Indentation hardness-or uniaxial tension-compression tests, differ from the surface layer properties by 20-40 %. This disparity makes for excessive dimensions and masses in machine design and is the cause of errors in choosing materials with required tribological properties.
Recently created devices for nanoindentational evaluating of thin surface layers under 0.5 mem thick are used primarily in microelectronics [1] [2] [3] . For problems of contact mechanics and tribology the method based on optical observation of the contact area and interference of Newton's rings around a transparent body indented
iito the studied material is more promising [4] [5] . This nondestructive method combined with present-day technique of image processing, makes it possible to plot the parameters of the contact circle (diameter and depth of penetration) versus the indentation load and to process the data by means of PC software.
Using these data, we can estimate the properties of tested materials in a single test under stepwise loading: modulus of elasticity, adhesion and creep parameters, average contact pressure and bearing capacity of the surface layer prior to the onset of plastic deformation, Brinell and Meyer hardness.
Experimental
Experimental verification of the theoretical premises underlying the use of a transparent indenter with curvature radius R was carried out on a specially developed opto-mechanical device for non-destructive testing (Fig. 1) . The device comprises a manually operated mechanical jack, which provides pressure up to 300 kgs; three 
Specimens
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Flat specimens (thickness more than 2 mm), such as are common in hardners tests, ν ere used in the investigation. Other geometries can also be used. Some plastics and metals were studied, but the results shown below refer to steel plates with a soft surface layer (thickness 0.5 mm), of the type found in plain bearings. There were two kinds:
1. 20 % TiN-Al on steel plate (090.5);
2. Bronze on steel plate (05191).
The load was varied in steps (Table 1) . Results are given in Fig. 2 in terms of <i J versus P, showing the transition from elastic to elastoplastic behavior. Fig. 3 shows the pattern of the parameter calculated according to the Brinell formula
In Fig. 4 are shown results calculated in accordance with the Meyer hardness formula Ρ = md", from which the parameters of the surface layer for the tested materials are: 1 -m=3.06, n=4; 2 -m=9.18, n=2.8.
In addition, special measurements on the standard Brinell stand for compression were performed on specimen 2. Results for the set of loads 50 + 300(50) kgs and diameter of the steel sphere R=25 mm in Table 2 . Similar results for load 15.6 kgs and R=2.5 mm (in accordance with the ASME standard) are given in Table 3 . 
Adhesion parameter
Hertz found relations between the load Ρ on the spherical indenter, the contact circle diameter d and the penetration depth δ
where R is the radius of the sphere. 
where P 0 is the real load applied to the indenter, Ρ is the load calculated from (1) correspondingly to the observed diameter of the contact circle d, γ the adhesion parameter, P* = -\5nyR is the adhesion load required for detachment of the indenter 290 from the material.
The transparent indenter permits determination, in a simple test, of the elasticity modulus, the ultimate tensile strength and the Brinell-Meyer hardness. The term containing the adhesion parameter γ is very small (hence the adhesion force is usually neglected [1, 2] ) but is of intrinsic importance in fracture mechanics. It represents the surface energy of the contacting bodies and is the basic mechanical characteristic in the Griffith fracture criterion for the detachment crack [9], Accordingly in the load interval admissible in terms of the elastic deformation our interest was focused on computation of the normalized modulus
and adhesion parameter γ .
Let jV 0 experiments yield the set of data {P^d^i = \,...,N 0 }, approximated by the
As the ultimate tensile stress is approached, the deviation of the parabola from the tangent c 2 P + c 3 at the initial point becomes significant. In these circumstances the experimental data can be roughly subdivided into an elastic and a plastic subset.
Let the first Ν pairs {/J,d i ,i = 1,...,Ν < N 0 } fall within the elastic subset. Eqn (2) holds for loads admissible in terms of the elastic deformation. Transform (2) Averaged values for the sought parameters can be calculated from the formulas
Note that approximate values of the parameters are also obtainable by means of eqn 
